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Abstract
Although the fundamental task of ergonomics is to generate normal and healthy working conditions the great number of work-
related musculoskeletal disorders is present in most industries and occupations and it is even increasing. Therefore scientifically 
designed workplace based on methodical approach is very important to minimize risk at work.The paper presents a systematic 
approach to the workplace design in department of ophthalmology regarding strain and stress. Strains and stresses belong to an 
important group of factors that reduce human efficiency at work, resulting in fatigue. Beside that workplace should be designed
considering human dimensions using anthropometric measures. Investment in new technologies, practices and methods 
sometimes beside benefits brings also new challenges that must be addressed. Results of performed OWAS analysis show that 
present way of working could be damaging for nurses and doctors therefore workplace adjustment should be made.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
While working, the workers are exposed to various strains and stressors that contribute to stress. Strains and 
stresses belong to an important group of factors that reduce the effects of this phenomenon, working hours should be 
interrupted by several rest periods and breaks. Beside that workplace should be designed considering human 
dimensions using anthropometric measures [1].For effective ergonomic analysis the most important factors that 
influence stress at work are:
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1. working environment with working conditions such as noise, heat, humidity, illumination, air velocity and 
2. body postures; especially awkward postures that can cause health problems. 
There are of course another influence factors present for human at work such as psychophysical, dependent from 
human characteristics and personality, but these factors were not subject of our research.
In the paper two workplaces from Department of Ophthalmologywill be presented where similar problems occur: 
back and neck pains, fatigue and eye difficulties. On the first workplace the Intravenous Fluorescein angiography is 
made which is a technique for examining the circulation of the retina and choroids using a fluorescent dye and 
specialized camera. The working procedure is complex and nurses must assist in several forced positions for longer 
time. Also the sitting position is not harmful for the doctor the long lasting observation through the microscope is 
tiresome. On the second workplace for visibility problems and squint patients are mostly children and nurses assist 
in bent positions again. Another problem is bad illumination which is needed because of the nature of medical 
examination.
Doctors and nurses has been the subject of many studies to examine how physical stress and other work related 
factors may affect their health and well-being. Ophthalmologists are at particular risk of developing musculoskeletal 
disorders – back pain, neck pain, numbness in the arms, carpal tunnel syndrome etc. Several studies have confirmed
this:
x A 1994 survey of 325 ophthamologist in the United Kindom found that 54 percent of respondents had significant 
attacks of back pain, with those longest in the field having more frequent back pain [2].
x In a 2005 survey of American ophthalmologists, 52 percent of the 697 respondents reported neck, upper body or 
lower back symptoms in the prior month, with 15 percent limiting their work as a result[3].
From the ergonomics point of view the occupational risk factors are [4]: 
x repetitive tasks usually under stressful circumstances,
x tasks that require fine motor control and visual focus. These raise muscle tension in the head, neck and upper 
extremities,
x prolonged maintenance of awkward.
Many of studies regarding to nurses focused on disorders of back, trunk, upper extremities, neck and lower 
extremities which are generally known as leading work –related illnesses and injuries [1-4]. Also most research has 
been carried out in general hospitals; there is no available data about physical work load of ophthalmic nurse in 
functional diagnostic. Ophthalmic nurse must assist in several forced positions for longer time therefore ergonomic 
analysis were made aimed to determine possible health problems and to prevent them where possible [5].
2. Methodology
For the presented problem consideration the following steps were taken: 
x workplace analysis and evaluation; analysis of the existent workstation dimensions with respect to working 
postures and workers’ perceptions; For our research we followed up workday activities in clinic for orthoptic. 
The observation was conducted all day for doctors workstation and nurses workstation,
x workplace analysis considering working environment; accurate measures of noise, illumination, heat, humidity 
and air velocity were taken,
x the extended OWAS method was used to evaluate the strain caused by different operators’ postures at the 
following workstations: orthoptic clinic, workplace for intravenous fluorescein angiography and laser.
x selected workplaces were designed and analysed using Jack software package made by Technomatics.
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2.1. Orthoptic clinic 
Workplace for Orthoptic nurse is very dynamic. Nurses work usually in standing position and walking. Since 
there were some complaints evidenced regarding back pain we decided to observe all nursing activities during 
nurses 8 hours workday.  Patients are usually children, different height and aged. So the nurse needed also the 
experiences to approach.Nursing approach to management involves: 
x patient consent and administration
x ophthalmic preparation (vision acuity, refraction, squint angle measurement, drops are instilled into both eyes to 
dilate the pupils,)
x fusion exercises on synoptophore
x administration after  doctors examination
The following figures1(a)-1(c) demonstrate different nurses’ postures at observed workstation. Nurse stand and 
bend in thoracolumbar spine near the patient when make vision acuity. Also she bends and twists her neck and turns 
her neck to the opposite side to watch letter at the wall. Lower limb are bend. Her hands are loaded to, because a lot 
of precise grasps is needed. Nurse is making notes about visual acuity and other measurements at to small table. She 
is bending in cervical area also her neck is bend.
Squint angle measurement: position of the neck can have a significant impact on body strain. Most often it 
appears when measuring squint angle at the synoptophore.Nurse stands at the opposite side of the synoptophore. The 
patient is sitting and he has to watch to the synoptophore. During the procedure the nurse bend her lower limb and 
her thoracolumbar spine. She has to monitor the patient sight and the machine.
2.2. Workplace at clinic for fluorescein angiography examination
The following figures2-3 demonstrate the different operators’ postures at observed workplace for fluorescein 
angiography examination. Operator seat near the table and make visual acuity(Fig. 2). When putting lances to the 
glasses the operator has to twist thoraxlumbal spine, upper limb is raised above the head and hands are loaded to, 
because a lot of precise grasps is needed.
Fig. 1. (a) Obtaining the best correctedvisual acuity – children; (b) Making notes; (c) Squint angle measurement.
a b c
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Fig. 2. Operators make vision acuity and instil drops into both eyes.
Operator is banding to the patient and pouring a drop into patients’ eyes. Thoraxlumbal spine is bending in 
lumbar and cervical area, upper limb is raised above and hands are loaded to, because a lot of precise grasps is 
needed, too.
During the procedure (Fig. 3(a)) operator is banding near the patient. Thoraxlumbal spine is bending and twist in 
lumbar and cervical area, upper limb is raised above the head and hands are loaded to, because a nurse must hold an 
eyelid apart to enable photograph eye fundus. The duration of performed examination is at least 10 minutes 
sometimes even 13 or 14 minutes and nurse must stay in described position which is extremely damaging for back, 
arm with shoulder and neck.
Doctors’ position at work (Fig. 3(b)) is also uncomfortable. The doctor is sitting at the opposite side of the 
patient. His head is in forward posture. He is bent in thoracolumbar spine. His left elbow is supported so he can hold 
a lens while making laser. In his right wrist he has holder. The task requires fine motor control and close visual 
focus.
Fig.3.(a)Operator assist in the procedure; (b) Doctors’ position at work.
a b
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Fig.4.(a) Doctors’ position at work; (b) Doctors’ position at work.
2.3. Clinic for argon and YAG laser therapy
The following figures demonstrate the doctor’s postures at observed workstation (Fig. 4(a)). The doctor is sitting 
at the opposite side of the patient. His head is in forward posture. He is bent in thoracolumbar spine. His left elbow 
is supported so he can hold a lens while making laser. In his right wrist he has holder. The task requires fine motor 
control and close visual focus. Also his right foot is on foot pedal. We observed his body postures. Neck is bent 
forward and repeated flexion or extension of the neck is present while at the slip lamp.
Back is bending in thoracolumbar spine for long periods of time that can accelerate disc degeneration and then 
lead to disk herniation. Raised upper limb sometimes even above the head or too low can produce shoulder pain. 
Unsupported elbow, repeatedly resting on hard surface, can lead to elbow injury. A lot of repetitive motion in wrist 
can cause carpal tunnel syndrome. 
The doctor is exposed to the same postures during slit lamp biomicroscopeexamamination (Fig. 4(b)).
3. Workplace analysis and results
For workplace analysis considering working environment accurate measures of noise, illumination, heat and air 
velocity were taken (Table 1). Measured values of temperature and air velocity are suitable for work they are doing. 
Also noise level is within recommended values since conversation between patients and medical personnel is needed 
(doctor is giving instructions to the patient and patient can also ask questions). Workplace illumination is extremely 
low and this is a problem because the working procedure requires darkness.
Table 1.Noise level, illumination, temperature and air velocity.
Measured values Noise [dB] Illumination [lx] Temp. [ºC] Air velocity [ms-1]
47,5 15 23,5 0,08
52 10 24,2 0,12
57,5 12 22,7 0,07
Average value 52,3 12,3 23,4 0,09
a b
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3.1. OWAS method
OWAS, the Ovako Working Posture Analysis System, was developed in Finland for examining workers postures 
in steel industry in 1973 >5-7@. The method was successful and therefore further developed and modified. It is 
considered a practical method for identifying and evaluating working postures. The OWAS procedure consists of 
two parts: an observational technique to classify body postures, and a set of criteria for the redesign of working 
methods and workplaces. Body postures are classified into 28 positions including the positions of back (four 
positions), upper limbs (four), hands (three), lower limbs (nine), head and neck (five), as well as load or force 
handled (three). Each body area consists of ranked postures that describe the risk or severity of that body area’s 
posture.
Each of these positions has pre-defined high risk and low risk postures, which are coded by the observer. After 
calculating the amount of time the worker is in these postures, the final step is to assign a four-level action code for 
task improvement. The four action codes are defined as follows: changes are not needed, changes needed in near 
future, changes needed immediately, needed intensive observation.
Results of manually performed OWAS analysis (conducted 3 days, 10 - 15 times per hour) used to evaluate the 
strain caused by different operators’ postures at observed workstation Orthoptic clinic are presented in Fig. 5 and 6.
For the workplace Fluorescein angiography OWAS results were already presented and published [5] therefore only 
the main results are summarized here.
Percentage of each body posture was calculated using equation (1) and also time portion for that body posture 
was calculated (2).
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Fig. 5.OWAS – calculated results with recommended measures.
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Fig. 6.The histogram of the OWAS results applied at the inspected workplace.
Obtained results were compared with recommended measures (Figure 7) and results are presented with signs. 
Results confirmed previous prepositions showing that for body postures 1.3 and 1.4 changes are needed in near 
future. Also for 3.1 – fine grasp percentage is highandfor 4.4 – lower limb changes are in near future. Also for head 
postures 5.2 – bent forward head and neck and 5.3 – bent to side head and neck changes are needed in near future. 
For another postures changes are not needed unless it makes discomfort.
Legend:
        - changes are not needed    - changes needed immediately
        - changes needed in near future - needed intensive observation
Fig. 7.OWAS – review table of recommended measures.
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4. Conclusions
The paper presents a systematic approach to the workplace design in department of ophthalmology regarding 
strain and stress. Strains and stresses belong to an important group of factors that reduce human efficiency at work, 
resulting in fatigue. Beside that workplace should be designed considering human dimensions using anthropometric 
measures. 
The results of the presented research using OWAS method confirmed the nursing complaints about high back 
pains and high load on hands. Body postures of upper limb, lower limb and neck were exposed as harmful for nurse 
during working procedure and according to OWAS changes are needed in near future.
Beside musculoskeletal problems also attention to eyestrain of operators that perform photography on specialized 
camera should be drawn. The problem is operators’ presbiopia and lens accommodation that lead to fatigue. The 
problems usually occur after investigations and demands rest therefore shorter rest periods could be of benefit.
Workplace analysis considering working environment show that measured values of noise, temperature, humidity 
and air velocity are within recommended values except illumination which is extremely low, only 12.3 lux. 
According to theory and recommendations this is a problem but the working procedure requires darkness
Investment in new technologies, practices and methods sometimes beside benefits brings also new challenges that 
must be addressed. Results of performed OWAS analysis show that present way of working could be damaging for 
nurses and doctors therefore workplace adjustment should be made.
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